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T empera~ure ~ffec~s • Agricul~ure 
Air temperature on many occasions is either 
above or below the limits tolerated by agricultural 
crops and livestock. When these unfavorable tem-
peratures occur, permanent or temporary injury will 
result; when the temperatures are favorable, plant 
growth and animal production are stimulated. Pe-
riods with these optimal conditions will result in 
rapid growth and development of plants and profit-
able gains for livestock. 
Many summaries exist which present the geo-
graphic distribution of average temperature, average 
daily high temperatures, and average daily low tem-
peratures . These are often displayed on maps, show-
ing the variation of temperature with latitude, alti-
tude, and continentality. Examples of such sum-
maries are those prepared by the Environmental 
Science Service Administration (E.S.S.A.) 1 . 2 In addi-
tion, there are many presentations showing the like-
lihood of lethal temperatures during critical periods. 
In most cases, these statistics indicate the distribu-
tion of the first occurrence or the last occurrence of 
the season. Examples of this type of presentation 
are probabilities of dates for the first killing freeze 
in the fall and the last freeze in the spring. These 
tabulations have been prepared by the Agricultural 
Experiment Stations in most states and by E.S.S.A. 3 
Few, if any, summaries exist showing geographic 
distribution of the likelihood for extended periods 
with optimum or favorable temperatures or periods 
with lethal or unfavorable temperatures. This publi-
cation will show the distribution over the North 
Central Region of runs of days with critically high, 
critically low, and favorable temperature conditions. 
4 
The Measurement of Temperature 
Thermometers used to measure air temperature 
must be protected from the direct exposure to radia-
tion from the sun or from the earth. To accomplish 
this protection, a special box is used which is 
louvered on all sides and is provided with a double 
roof for further protection from the sun's rays . The 
instrument shelter is painted white to permit the re-
flection of most of the sun's energy. The box is 
placed on legs to elevate it about five feet above the 
surface. At this level, the temperatures do not fluxLl-
ate as rapidly as they do closer to the surface. 
It is an accepted practice at many locations to 
record the highest and lowest temperatures for 24-
hour periods. These maximum and minimum tem-
peratures are obtained from special thermometers 
and are the basic data from which the summaries in 
this bulletin have been computed. (The temperatures 
are recorded daily in degrees Fahrenheit.) The loca-
tions in the North Central Region from which tem-
perature data were obtained for this bulletin are 
shown in Figure 1. The period of record used in the 
study varied from 30 to 50 years. In general, the 
study covered the period from the establishment of 
each weather station through 1956 
Lethal Temperatures in Agriculture 
Temperatures which fall below freezing offer a 
special hazard to the agriculture of the North Cen-
tral Region during spring and in the autumn. There 
are degrees of severity of freezes, depending on the 
extent of the temperature fall. One characterization 
for the severity of freeze recognizes three types of 
occurrence, (1) the light freeze, when temperatures 
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Locations in the North emtrrd Region where the temjJerrttm'e date/. were oblrtined. 
dip into the range from 28 ° to 32 °P., (2) the mod-
erate freeze when night-time temperatures are in the 
range of 24° to 28°P., and (3) the severe freeze when 
temperatures fall below 24°P. Since many plants can 
withstand a light freeze, for purposes of this study 
the occurrence of 30 0 P. was selected as a critical 
value. In some cases the horticulturist or gardener 
may attempt to protect his plants from a single 
night of freezing temperature, but would find it dif-
ficult to continue the protection for extended pe-
riods of time. The likelihood of pe'riods of days with 
minimum temperatures below 30°F. has been cal-
culated; similarly, the probability of runs of days 
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with maximum temperatures above 300 P. have been 
computed. 
Considerable injury to .field crops can result from 
extended periods with high temperatures. For most 
crops adapted for planting in the North Central 
Region, temperatures are usually below those gen-
erally considered lethal highs. However, extremely 
high temperatures sometimes occur during prolonged 
rainless periods and water stresses are induced by 
rapid evapotranspiration associated with the high 
temperatures. It is generally conceded that tempera-
tures in excess of lOO°F. are detrimental to crop pro-
duction. When these temperatures occur for periods 
of a week or more, they reduce yields and may re-
sult in the death of the crop. To provide estimates 
of the geographic distribution of periods with these 
temperatures, the chances for runs of days with tem-
peratures above lOO °F. were computed. Similarly, 
the chances of runs of days with temperatures in 
excess of 90°F. were figured. 
Comfort of Animals 
The rate of milk and egg production and the 
amount of gain by meat producing animals is in-
fluenced by temperature. Decline in production is 
associated with the occurrence of temperatures out-
side those considered optimum for the type of live-
stock. Under extreme conditions, death will result 
from prolonged periods. 
Cold temperatures in the winter offer hazards 
to livestock in pastures. This is particularly true 
when the low temperatures are accompanied by bliz-
zards. These conditions are most frequent in Min-
nesota, the Dakotas, Nebraska, and Iowa. To show 
the geographic distribution of periods with these 
low temperatures, the likelihood of runs of days 
with temperatures below OaF. have been tabulated. 
Research indicates that declines in production 
and rate of gain in cattle and other livestock are as-
sociated with the occurrence of high temperatures 
in summer. When temperatures climb above the 
mid-80's, the intake of food by cattle is reduced and 
production falls. The tabulation of the chances of 
prolonged periods with temperatures rising above 
90 °F. and above 100°F is of special interest to the 
livestock producer. 
Temperatures and Growth Rates of Plants 
In spring, plant growth does not begin until 
temperatures rise above a minimum value. This 
minimum value varies with the type of crop. For 
many cool season plants, such as small grains and 
most grasses, growth and development begin when 
temperatures rise above 40°F. For many other plants, 
such as corn, soybeans, and bermuda grass, growth 
does not begin until temperatures become higher 
than 50°F. In general, most of the spring and sum-
mer growing plants in the North Central Region 
have a minimum for growth near the 40° or 50°F. 
level. 
The Likelihood for Runs of Days 
with Specified Temperatures 
The method developed for computing the prob-
ability of days with temperatures was flexible and 
permitted the computation of the probability of a 
period of days of any length. It was necessary to 
perform a geographic smoothing of these probabili-
ties and only a limited number of maps could be 
presented. An effort was made to prepare representa-
tive maps giving the patterns for probabilities of 
runs of days . 
For each week the probabilities of five-day pe-
riods with the various critical limits are presented. 
There are seasons when five days with a given tem-
perature is a certainty; during other seasons the tem-
perature never occurs. For example, subfreezing tem-
peratures never occur in the summer so maps show-
ing the likelihood of minimum temperatures below 
30°F. or maximum temperatures above 30°F. in 
summer would not provide useful information. 
The probability of runs of 15 days' length are 
presented for every other week. The 25-day periods 
are present for every third week while the chances of 
35-day periods are given for every fourth week. Fig-
ures for periods between these maps may be inter-
polated. 
RUNS OF DAYS OF VARYING LENGTH WITH MAXIMUM 
TEMPERATURES ABOVE 30°F. (-1.1°C) 
A temperature of 30°F. was chosen as a critical 
temperature representing near freezing conditions. 
Freezing temperatures are certainly important to the 
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production of plants and to human and animal com-
fort. The choice of 30°F. was arbitrary since water 
freezes under normal conditions at 32°F. But tem-
perature recorded in an in strument shelter is often 
several degrees different from the temperature within 
a plant canopy near the surface. On clear nights the 
temperature in the instrument shelter is usually 
higher than that occurring near the surface. On the 
other hand, the maximum temperature of late after-
noon as measured by the thermometer in the instru-
ment shelter is often a bit lower than the tempera-
tures found near the plant surface. 
The occurrence of a temperature near 30°F. at 
midafternoon o n winter days represe nts a mild 
weat her condit ion in many areas in the North Cen-
tra l Region. Across the Dakotas, Minnesota, Wis-
consin , and Michigan, an extended period with tem-
peratures above 30 °F. marks a brea k in the usual 
winter weather. The occurrence of periods with these 
temperatures in early spri ng and late fa ll in all por-
tions of the North Central Region offe rs periods 
favorable for oLltdoor activities. Outdoor construc-
tion and sim.ilar weather-sensitive activities may be 
co nducted during these periods with above freezing 
temperatures. For some of these periods during win-
ter, early spring, a nd late fall frost will leave the 
surface layers of the soil. This condit ion will produce 
unfavorable footing for man, animals and machines. 
In this respect, at least, the occurrence of periods 
with temperatures above 30°F. must be considered 
unfavorable for some outdoor activiti es. 
The maps on pages 8, 9, and 10 of this bulletin 
display the probability of five or more consecutive 
days with temperatures above 30°F. In winter, runs 
of days of this length occur on more than 60 percent 
of the years in the southern two-thirds of the region. 
In the extreme northern localities a period of this 
length will begin during any week of winter on 10 
to 20 percent of the years. By late February, so uth-
eastern Kansas, southern Missouri, and Illinois ex-
periencefive or more consecutive days with tempera-
tures above 30°F. 80 percent of the years. As spring 
progresses the probability for periods of at least five 
days duration with temperatures above 30°F. in-
creases rapidly, and by late March runs of days of 
this length are virtually a certainty in all parts of 
the region. In autumn the probability of five or more 
consecLltive days with 30°F. remains high through 
October, but by late November such a period will 
begin during a given week 60 percent of the years 
in the Dakotas, Minnesota and Wisconsin. 
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Maps on pages 11 and 12 show the geographic 
distribution of the probabilities of 15 or more con-
secutive days with maximum tem.peratures higher 
than 30°F. In wi nter, this event will begin during 
any week about 40 percent of the years in the south-
em one-fifth of the region. However, across the 
northern balf of the North Central Region, 15-c1ay 
periods wil l occur with the frequency of only 10 per-
cent. By late March the occurrence of IS-day periods 
with temperatures above 30°F. is nearly a certainty 
throughout the south ern half of the region and the 
freq uency of IS-day periods is in excess of 50 per-
cent in the northern portion of the region . The prob-
ability of sustaining such periods with temperatures 
above 30°F. decreases sharply in the autumn and by 
late November the patterns closely resembJe those 
of the winter. 
Maps on pages 13 and 14 show that, during wi n-
ter, periods of 25 or more days with maximum tem-
peratures above 30°F. are extremely rare in the north-
ern two-thir Is of the region, but these periods are ex-
pected two out of 10 years in most southern por-
tions of the North Central Region. Even during the 
middle week of March, periods of 25 days or more 
with temperatures above 30°F. begin less than ~o 
percent of the years in North Dakota and northern 
Minnesota. In autumn the probability of periods of 
25 days with 30°F. temperatures decreases through-
out the North Central Region, and by early Novem-
ber the northern portion of the region experiences 
these extended runs of days only 20 percent of the 
years. 
Long spells of mild weather in winter occasion-
ally occur, but the maps on page 15 show that only 
rarely will the maximum temperatures rise above 
30°F. on at least 35 consecutive day s. In late J an-
uary this event occurs 20 percent of the years in the 
extreme southern portions of the North Central 
Region . It is not until the last week in March that 
five-week periods with maximum temperatures above 
30°F. become virtually a certainty in the sOLlthern 
portion of the area. In March, periods of five weeks 
duration with maximum temperatures above 30°F. 
occur only four years out of 10 in the northern ex-
tremities of the region . In autumn there is a rapid 
movement toward the predominant wintet pattern 
with the associated decrease in probability of these 
long periods of mild weather. 
PERIODS OF VARIOUS LENGTHS WITH MAXIMUM 
TEMPERATURES ABOVE 30°F. 
Runs of 5 or More Days with Maximum Above 30°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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Runs of 15 or more Days with Maximum Above 30°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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Runs of 25 or More Days with Maximum Above 30°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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Runs of 35 or More Days with Maxi-
mum Above 30°F. Each Map Presents 
the Percentage of Years Having Such 
Periods Begin During the Week In-
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RUNS OF DAYS WITH MAXIMUM TEMPERATURES 
ABOVE THRESHOLD VALUES FOR GROWTH 
IN SPRING AND FALL 
P lant development and growth does not occur 
until the threshold temperature for a particular plant 
has been reached. This temperature is often called 
the minimum temperature for a given species of 
plant. The rate of growth or development of a plant 
increases as the temperature rises above this mini-
mum level. Plants adapted to cool climates or tbose 
w hich begin their development during the early 
spring are generally believed to have threshold tem-
peratures near 40 oP. When several co nsecurive days 
with maximum temperatures above 40 o P. occur, 
growth and development for these plants will gen-
erally begin. Examples of plants falling in this cate-
gory are most of the cereals and many of the forage 
crops. For crops grown under warmer conditions or 
those which begin growth later in the summer, the 
threshold temperature appears to be near 50 o P. This 
category would include such crops as corn, sorghum, 
and soybeans. 
On days when winter and spring temperatures 
are above 40° and autumn temperatures, above 50o P., 
ourdoor farm and construction work may be under-
taken. In winter, these are days when temperatures 
rise above the freezing mark during the daylight 
hnllfs . In fall and spring, they represent the cool 
pcri()(I ~ when outdoor activities may be accomplished 
witholl [ heavy clothing. 
When the temperature within the instrument 
shelter is above 40° or 50°P', the temperature within 
the plant canopy will depend upon the energy re-
ceived at the surface on a particular day. Fur sunny 
days, temperature close to the ground may be several 
degrees warmer than that within the instrument 
shelter during the afternoon hours. On cloudy days 
the temperature within the canopy will likely be 
nearly the same as that measured in the instrument 
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shelter. It is hazardous to generalize co ncerning the 
night-time temperatures associated with days when 
the temperatures rise to levels sligh tl y above 40° to 
50°P' On clear days one would expect the night-time 
temperatures to dip below or near freezing in nearly 
every case. However, whe n the weather is cloudy 
the night-time temperature may be onl y a few de-
grees less than that occurring during the day. 
Runs of Days with Temperatures Above 
40 0 P. (4.4°C.) 
The geographic distribution of the probabilities 
of runs of days with temperatures above 40 o P., is 
shown on following pages. Maps on pages 18, 19, 
20, and 21 present the probabilities of periods of 
five days or longer with maximum temperatures 
above 40°F. For any winter week over the northern 
third of the region only 10 percent of the years have 
five-day periods with this temperature. In the ex-
treme southern portion of the region, periods of five 
days or more with these temperatures occur during 
winter over 50 percent of the years. In March there 
is a rapid increase in the probabilities for periods 
with temperatures above 40°F. By early April a week 
will produce a run of five days or longer with tem-
peratures above 40°F. eight out of 10 years in the 
southern two-thirds of the region . In the extreme 
northern portion of the region a run of this length 
will occur in over half the years. By mid-April, runs 
of five days length or longer become virtually a cer-
tainty throughout the region. 
In autumn, there is a rapid decrease in the like-
lihood of five-day periods with temperatures above 
40°F. during November. For the week of November 
22 through 28, there is less than 10 percent chance 
for such a period beginning in the north, while in 
the sout h suc h a period would be expected about 
eight out of 10 years. 
In the so uthern portion of the North Ce ntral 
Region during winter there is only 10 to 20 percent 
chance of a 15-day period with temperatures above 
40 o P. beginning a particular week. As seen in the 
maps on pages 22, 23 and 24 from Mid -March to 
mid-April there is a rapid increase in the likelih ood of 
IS-day periods with max imum temperatures above 
40°F. By l ate April almost alJ of th e region has a 
certainty of periods of more than two weeks duration 
with ma xi mum temperatures above 40oP. Shorter pe-
ri ods generall y begin to occur agai n in about OCto-
ber. There is a rapid decrease in the probability of 
L5- da y per iod s during late October, and by mid-
Nove mber nea rly half of the reg illl1 t''\I'{'\'ic nces :l 
period of this leng th less than one year in ten. 
Pages 25 and 26 show the likelihood ()f runs of 
25 days' length with maximum temperatures above 
tj·O° F. It is extremely rare in winter for pe ri ods of 
this duration to occur, and even in extreme southern 
Ka nsas such a period wi ll begin on a g iven week 
about one out of every 10 years. By early May pe-
riods of this length with te mperatures above 40°F. 
beco me a virtual certainty. In September, the north-
ern portion of the region beg ins to experi ence short-
er periods with temperatures above 10"F. and by late 
November nearl y all of the region experiences runs 
of shorter duration than 25 days every year. 
The maps on page 27 indicate that five -week 
periods with temperatures above 40 °F are unknown 
duri ng the fall and winter in the North Central Re-
gion. But in late February periods of this length 
originate in the southern portion of the region one 
out of 10 years. In autumn, periods of shorter dura-
tio n than five weeks with temperatures above 40°F. 
begin to occur by mid-September and in early Octo-
ber five-week periods with this temperature are ex-
perienced less than cine year out of 10 in most of 
North Dakota and northern Minnesota. 
Runs of Days with Temperatures Above 
50°F. (10°C) 
The chances for periods of vary ing length with 
maximum temperatures above 50 0 P. are shown on 
the maps beginning on page 28. The likelihood for 
five or more consecutive days with temperatures 
above 50 oP. is shown by weekly periods on the first 
four pages of this series (pages 28 through 31). In 
wiI), ter, o nly the so uthern one-fifth of the North 
Central Region experiences periods of this length. 
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Even in this area the probability t hat such an occur-
rence will begin is less than one in ten. By the mid-
week of February the ten percent probability for 
these periods is confined to the northern half of the 
region with a 40 percent ch ance occurr in g in the 
extreme south. There is a rapid change toward higher 
probability in late March and by mid-May periods 
of five days with maximum temperatures above 50°P' 
are almost certain to begin during every week 
throughout the region. In autumn, there is a rapid 
decrease in the probability of five-day periods with 
te mperatures above 50°P' during the month of 
November. By the last week of November there is 
only a sixty pcrcent chance for such an occurrcnce 
in sOLlthern Kansas, with a 10 percent chance in the 
northern half of the region. 
T he frequ ency for periods of 15 days or longer 
w ith maximum te mperatures above 50°P' is shown 
on pages 32 and 33. These maps indicate that the 
probability of periods with this duration is very low 
throughout most of the region until ead y April. 
After this time, the probability increases very rapidly 
and by t he first week in Maya 15-day period with 
such temperatures will occur more than 50 percent 
of the years in North Dakota, northern Minnesota, 
Wisconsin , and Mich igan. In early autumn, I5 -day 
periods with 50 o P. maximum temperatures occur 
with decreasi ng likelihood throughout the region 
and by the last week in September the northern por-
tion of the region experiences periods of this length 
about four out of 10 years. 
Pages 34 and 35 show the pattern for periods 
of 25 days length with maximum temperatures of 
50°F. or higher. Periods of this length have a very 
low probability during the late autumn, winter, and 
early spring. The pattern becomes quite pronounced 
during the last week in April, with an 80 percent 
chance for such a period in southern Kansas. There 
is only a 20 percent probability for this event in ex-
treme northern Minnesota and across the upper pen-
insula of Michigan. At the end of the summer season 
there is a corresponding rapid decrease in the likeli-
hood of these extended periods with temperatures 
above 50°F. during September. 
The patterns for 35-day periods with tempera-' 
tures above 50°F. are shown on page 36. These maps 
indicate that during winter five-week periods are 
essentially unknown throughout the region. On the 
other hand, from May until early August, five-week 
periods begin during every week in all sections. 
PERIODS OF VARIOUS LENGTH WITH MAXIMUM 
TEMPERATURES ABOVE 40°F. 
Runs of 5 or More Days with Maximum Above 40°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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HIGH TEMPERATURES DURING SUMMER 
Maps on the following five pages show the geo-
g rap hi c distribution of the probability of rLlns of 
day s with high temperatures during the summer 
season. These peri ods h ave been tabu lated, usi ng 
temperatures of 90°F. and lOO °F. as the critical 
values. Although these temperatures were arbitrarily 
selecced, they represe nt accepted thresholds for the 
upper limits of temperature response by many agri-
cultural activities. 
One of the primary effects of high temperatures 
is the associated increase in evaporati on from the 
soil an::! water surfaces and increased transpiration by 
plant canopies. The rise in evaporative demands in-
duced by the high solar energy associateJ with these 
temperatures often reduces soil water reserves below 
the needs of growing crops. While a plant may re-
cover from a single day with such a stress the oc-
currence of several consecutive days with high tem-
peratures often results in injury to the plant and re-
duction in yields. 
For most agricultural plants lOO °F. approaches 
the value which may be considered lethal. Many 
economically important plants grown in the North 
Central Region will sustain permanent injury at tem-
peratures of about no°F. (43 °C). 
Livestock production is also extremely sensi-
tive to temperature. Research has shown that dairy 
production declines rapidly as temperatures rise above 
85 ° F. The rate of gai n for beef and other meat pro-
ducers also falls at these high temperatures. Most 
livestock species do not have adequate means of dis-
sipating heat through perspiration. They sometimes 
attempt to ad just their energy level by reduction in 
food intake. When the occurrence of high tempera-
tures continues for many days the associated produc-
tion loss may become extremely serious. The maps 
shown should provide a guide to areas where sum-
mer shelters for shading will be required in animal 
production . 
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Distribution of Runs of Days of 90°F. (32.2 °C) 
In summer, runs of five or more consecutive 
days with maximum temperatures above 90°F. occur 
throughout the North Central Region. Consulting 
the maps on pages 38, 39, and 40 will reveal that 
by late May sllch periods begin each week more than 
one out of 10 years in the extreme southern portions 
of the region. From late June through mid-August, 
the likelihood of five consecutive days with tempera-
tures above 90°F. is aboLlt 60 percent across southern 
Kansas and Missouri. The chance for these periods 
is less than one year out of 10 in northern North 
Dakota, Minnesota, and Wisconsin, and in virtually 
alJ of Michigan. By early October the freq Llency of 
five consecutive days witb temperatures above 90°F. 
approaches zero over nearly all of the region. 
It is ind eed ra.re when periods as long as two 
weeks occur with temperatures above 90° F. every 
day. Page 41 shows that in Kansas and so uthern 
Missouri periods of 15 consecutive days with tem-
peratures above 90°F. begin during each summer 
week one or two times every ten years. In the re-
maining portions of the region periods of this dura-
tion occur with less than a 10 percent frequency. 
The Distribution of Runs of Days With 
Maximum Temperatures Above lOO°F. (37.8 °C) 
Temperatures rise above 100°F sometime during 
the summer in the southern portion of the North 
Central Region; but, the occurrence of such a tem-
perature is really not a very likely event. Maps on 
page 42 indicate that in all parts of the region the 
probability of five co nsecutive days with tem pera-
tures above 100°F. is less than 10 percent of the 
years. During the mid-summer months of July and 
August, a small area in the southwestern portion 
of the region will experience such periods for any 
week just over one out of ten years. 
PERIODS OF VARIOUS LENGTHS WITH MAXIMUM 
TEMPERATURES ABOVE 90°F. 
Runs of 5 or More Days with Maximum Above 90°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
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OCCURRENCE OF PERIODS WITH LETHAL 
COLD TEMPERATURES 
Runs of Days With Minimum Temperatures 
Below Oop. (-17.8 °C.) 
Very cold temperatures in winter are experienced 
in all areas of the North Central Region. During 
prolonged periods of cold weather water surfaces are 
frozen and frost penetrates to considerable depths in 
the soil. Outdoor activity is curtailed or made diffi-
cult by these low winter temperatures. The occur-
rence of temperatures below oop. is an indicator of 
the extreme cold. However, the establishment of 
this temperature as a critical limit has more con-
venience than real significance, so far as the physio-
logical response to cold is concerned. When these 
temperatures occur during period with high winds, 
Ii vestock must receive special protection and man's 
activity is curtailed. 
The probability for periods of days with tem-
peratures below zero are shown each week on pages 
44, 45, and 46. During a week in mid-winter, periods 
of five-day duration will begin more than half the 
years in the northern portion of the region. But in 
the southern half, the probability of such a period 
for a particular week is less than one in ten. Periods 
of 15 days with sub-zero temperatures are not very 
probable in any of the North Central Region. 
Runs of Days With Minimum Temperatures 
Below 300P. (-1.1 0C.) 
Occurrence of freezing temperatures at night has 
special significance to agriculture. This occurrence 
may seriously damage the tender growth of newly 
emerging plants in the spring or it may termi nate 
the growth of plants in the fall. As discussed earlier 
in this bulletin, freezes of different intensities may 
be defined but for this tabulation a critical tempera-
ture of 30 0 P. was chosen. 
The occurrence of freezing temperatures during 
winter also has a bearing on the type and amount of 
outdoor work which may be completed by a farmer, 
construction crew, or engineering activity. Although 
sub-freezing temperatures occur throughout the 
North Central Region each winter, there are always 
some winter days that do not get this cold. 
Pages 47 through 50 of this bulletin are maps 
of the North Central Region showing the probability 
each week for the beginning of five-day periods with 
minimum temperatures below 30 0 P. During winter, 
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for the southeastern portion of the region, such pe-
riods occur during any given week only six to eight 
years out of 10. In the remainder of the region, hve-
day periods with temperatures as low as 300 P. begin 
during each week virtually every year. During March 
and early April the probabilities of five days or more 
with temperatures below 30 0 P. decreases rapidly and 
for the first week in April periods five days or longer 
will begin only one out of 10 years in the southern 
third of the region. By mid-May the likelihood of 
five consecutive days with temperatures below 30°F. 
is virtually zero throughout the region. 
The probability of five-day periods with tem-
peratures below 30°F. increases sharply during the 
period from mid-October through November. Dur-
ing the middle week of November such periods will 
begin in south Missouri only two years out of ten, 
while in North Dakota the chance is greater than 
80 percent. 
Maps on pages 51 and 52 show the probability 
of runs of 15 or more lays with temperatures below 
30°F. In mid-winter, virtually every week will origi-
natc sllch a period, somewhere in the region, but the 
southern portion experiences these periods with be-
low freezing temperatures only about onc out of 10 
years. The probability declines during the spring 
and by mid-April tbe chance for IS-day periods with 
temperatures below 30 0 P. is virtually zero throughout 
the region. In autumn the probability of 15-day pe-
riods increases and by mid-November there is more 
than a 50 percent chance for such periods in North 
Dakota, Minnesota, and northern Wisconsin. 
The probability of periods with 25 days or more 
of temperatures below 30 0 P. is shown on the maps 
on page 53. The same pattern prevails here as de-
scribed in the previous paragraph, except that the 
likelihood for such long periods is lower in the spring 
and in the fall. 
The geographic distribution for the probability 
of runs of periods of 35 days duration with tempera-
tures below 30° P. is given on page 54. Interestingly, 
during winter these five-week periods occur more 
than 80 percent of the years in North Dakota and 
northern Minnesota. Throughout Kansas, Missouri, 
Illinois, Indiana, and Ohio, these five-week periods 
begin during a winter week with a frequency of less 
than 10 percent. 
PERIODS OF VARIOUS LENGTHS WITH MINIMUM 
TEMPERATURES BELOW OaF. 
Runs of 5 Days or Longer with Minimum Below OaF. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
---, 
, 
, I 
_L _ - i c_ -------------
'-', 
44 
-- -, 
! 
I 
/ _L __________ _ _ 
- -- -- -1 
/ _L __ ____ ~ ' :,, __ __ _ 
~ - - - - - 1 
.- . ., 
1 
I 
I 
c:~::.-.--- --. -
i 
, j 
!._.-. -. - .-.-.J-' -.-
\ 
\ 
.-., . . 
L._. !~- ----.-) i -.-.-.-."'\ \ 
') \, 
Ii ... 
c:~::.---------- . 
I . 
. ------------J 
-I 
i 
! 
I 
i I 
j 1-. (J (>-
.t ' .---.~ 
Mar 1 - 7 
. j, 
!-- --- - - - -- .-.,-{ -- -- -- - - ,.'-:----
\ .I --- -,--
-: " ( i 
; -- - --- - --- - ~ - - ----~: \ . 
. \' ',.t ! \ )_J..-._._ .~. 
I I·.... \ .,.-.,;. \.. ... 
• • \ (J' .,._ 
.
C.·_L -._--._-------.--,! . j- / 'f.'_.-._._.- .L·._. I! - .----- .. ~ 
--, 
1-- --_. _ -----
1 
I 
I 
r -L-- __ __ _____ _ 
~.-.-.j 
-.., 
1--- --
I 
r· L --._._. ___ . _ 
'-'-'- '1 
. ) 
1 ____ ._. - --.-.J-'- -- ._-
\ 
\ 
-, '1 • 
L_ .~-.--- .-j i - --.-.-.-."'\ \ 
i ') "-
. . \ 
. .... 
) 
1... 
'. 
) '. 
--. - --.-.,(' - -- .- --\,,:- ._. 
, .1 
--'1._ . \- ·-·-·-i i - -- .-.-. '"\ \. 
. ) '. 
. \ 
'.... ,~." 
. L I '. . J / r-:::;------ .-.-L, _____ .. :r~.--- ____ _ .d.---
.I 
-., .~ 
~-- --·-·---·~-- -- ·-l 
I 
I 
r· L -- -__ -._-_.-
~ ' - ' - ' 1 
" 
\ 
... 
-.-i 
'\ 
\ . 
- - j " )--
t·- '- ' -'-'-'~,'- '- '-( 
I . 
. \ 
I I ' 
c~:=·-· _._ ._ ._.' 
" 
\. 
>. 
/ 
._._._.L·. _ . 
I 
,.L._._. _._._._ 
~ ' - '- 'l 
' 1 -
i 
i 
~ rt' j"J.- . _. _. _. 
. \ 
. ", . ...,. '').. 
/ 
._._._ . L·._ . 
Runs of 15 Days or Longer with Minimum Below OaF. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
- ., 
!-.-._.- ._.-. 
I 
I 
I 
,.L __ ._ . _ . _ __ . 
~ ' - ' - ' l 
Jan 10 - 16 
46 
i 
,,-
') 
'-. 
) '. I ~ . _ ._ . _. ~ 
"-' - '- '-'-.- .J \. 
\ ';- ' -' \ ! 
- ': " ,-
I... . '~ - .- ,-. -v j - . _ . _ . _ . _ . -.,\ '" 
I ' 
, \ 
! ' ! '-', c:::=. _. _._._ .- ' 
j • 
i 
. ' i 
,,-
"> 
'-'" 
"' 
. _._ ._ . _\ 
',- ~-. 
" 
( ' 
--- ' - ' -y' . 
,.L __ . ___ . _. ___ ._.' 
""' -'-
Jan 24 -- 30 
PERIODS OF VARIOUS LENGTHS WITH MINIMUM 
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the Percentage of Years Having Such 
Periods Begin During the Week In-
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Runs of 35 or More Days with Minimum Below 30°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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RUNS OF DAYS WITH MINIMUM TEMPERATURES 
BELOW THRESHOLD VALUES IN SPRING 
AND FALL 
When temperatures fall below the minimum 
value for a give n vegetative type, growt h and de-
velopment of the plant cease. Cool-season plants 
begin their development when temperatures rise 
above 40 0 P., while plants more adapted to the 
warmer temperatures of summer often have tempera-
tures of 50 0 P. as their minimum value. Tabulations 
of the probability for exte nd ed periods with tem-
peratures below 40 ° and 50 0 P. represent the likeli-
hood for extended periods with unfavorable night-
time temperatures. It should be recognized that the 
cessation of development may occur on ly for a short 
period during the night with favorable conditions 
prevaili ng during the hours of daylight. 
Runs of Days With Minimum Temperatures 
Below 40°F . (4.4°C.) 
The next four pages of this bulletin depict the 
likelihood for periods of five days or longer with 
minimum temperatures below 40°F. Periods of this 
duration began during nearly every week of the win-
ter season throughout the North Central Region. 
In early March, the likelihood of five-day periods 
with this temperature becomes less than 80 percent 
in the extreme southern portion of the region and 
this probability decreases during spring throughout 
the region. By mid-May there remains a small chance 
in northern portions of the reg ion for periods of 
five days or longer with temperatures below 40°F. 
During summer there is little likelihood of periods 
of this duration below 40° in the North Central Re-
gion, but by mid-September the probability begins 
to increase. In late November periods of this type 
become a certainty in all areas except the southern 
portion of the region. 
Pages 60, 61 and 62 show the geographic distribu-
tion of the likelihood of a run of 15 days or more 
with minimum temperatures below 40 0 P. In winter 
there is a 60 to 80 percent chance for such periods 
in southeastern Kansas and in southern Missouri , 
Illinois, Indiana, and Ohio. The remainder of the 
ss 
region will experience periods of this length virtually 
every year. During late Pebruary the probability of 
15 consecutive days with temperature below 40 0 P. 
decreases rapidly throughout the region and by late 
April the chance for such an occurrence is virtually 
zero. Beginning in late September the likelihood of 
periods of 15 days duration with these temperatures 
increases across the region and the winter pattern 
prevails after late November. 
The chance for longer periods with minimum 
temperatures below 40°F. is shown in pages 63,64 and 
65. These patterns show high probabilities during 
winter and zero probability during summer. There 
is a more than 80 percent chance for an uninterrupted 
five-week period below 40 0 P. during winter through-
out the northern two-thirds of the region. 
Runs of Days With Minimum Temperature 
Below SOop (10°C.) 
The likelihood of runs of days with minimum 
temperatures below 50°F. is shown on the maps on 
pages 66 through 76. These patterns of equal prob-
ability follow extremely close to those already dis-
cussed for a threshold temperature of 400 P. 
In general, the probability for periods of 5, 15, 
25 and 35 days duration with temperatures below 
50 0 P. is high during the winter, early spring, and 
late autum n. These likelihoods decrease sharply as 
the spring season progresses and the chance for such 
periods beginning during any week increases again 
in the fall. 
One striking difference between the likelihood 
for runs of days with minimum temperatures below 
50 0 P. as compared with the tabulations from the 
previous section is that 50 0 P. temperatures do occur 
throughout the summer in the northern part of the 
region. Even during the last week in June there re-
mains a 10 to 20 percent chance for five consecutive 
days with minimum temperatures below 50 0 P. in 
North Dakota, Minnesota, northern Wisconsin, and 
the upper peninsula of Michigan. 
PERIODS OF VARIOUS LENGTHS WITH MINIMUM 
TEMPERATURES BELOW 40°F. 
Runs of 5 Days or Longer with Minimum Below 40° F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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Runs of 15 Days or Longer with Minimum Below 40°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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Runs of 25 Days or Longer with Minimum Below 40o P. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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Runs of 35 Days or Longer with Mini-
mum Below 40°F. Each Map Presents 
the Percentage of Years Having Such 
Periods Begin During the Week In-
dicated. 
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PERIODS OF VARIOUS LENGTHS WITH MINIMUM 
TEMPERATURES BELOW 50°F. 
Runs of 5 or More Days with Minimum Below 50°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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Runs of 15 or More Days with Minimum Below 50°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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Runs of 25 or More Days with Minimum Below 50°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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Runs of 35 or More Days with Minimum Below 50°F. Each Map 
Presents the Percentage of Years Having Such Periods Begin Dur-
ing the Week Indicated. 
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